Introduction
The interest in the chemistry of hydrazonoyl halides is a consequence of the fact that they undergo a wide variety of reactions.
1,2 Thiazole compounds can be prepared from hydrazonoyl halides, which act as antibacterial, 3 antifungal, 4 anti-inflammatory, 5 and anthelmintic agents. 6 In addition, hydrazonoyl halides are useful precursors of nitrilimines, which can undergo 1,3-dipolar cycloaddition reactions used for both academic and industrial purposes. 7 Moreover, hydrazonoyl halides can be used to prepare pyrazoles with a broad spectrum of important biological and pharmaceutical activities such as antimicrobial, antihypertensive, antitumor, anti-inflammatory, antidepressant, and anticonvulsant activities. 8−9 In addition, hydrazonoyl halides have proved to be useful synthons for various hydrazonate and thiohydrazonate esters.
10
Efficient syntheses of new bis-thiazoles, bis-pyrazoles, bis-hydrazonates, and triazolothiadiazoles are reported.
Results and discussion
Bis-hydrazonoyl chlorides are highly versatile reagents and useful building blocks for the synthesis of bisheterocyclic rings. 11 The target compounds 8-17 were synthesized in two steps. In the first step, the thiosemicarbazones 3-7 12 were prepared by condensing equimolar amounts of substituted aldehyde with thiosemicarbazide. In the second step, reaction of bis-hydrazonoyl chlorides 1 and 2 13 with thiosemicarbazone 3-7 in dioxane in the presence of triethylamine under heating afforded in each case only one product, as examined by TLC. The reaction provided the desired products in excellent yields. The final products were established by elemental analyses and spectroscopic data. The mass spectra of the products revealed in each case a molecular ion peak in agreement with the molecular formula for each compound. The IR spectra showed the absence of the C=O absorption bands present in the starting bis-hydrazonoyl chlorides 1 and 2 as depicted in Schemes 1 and 2. 1,3-Dipolar cycloadditions reactions are important and versatile for constructing five-membered rings including pyrazoles. 11,14 Reaction of bis-hydrazonoyl chlorides 1 and 2 with dimethyl acetylenedicarboxylate 19 in dioxane and in the presence of triethylamine each gave one isolated product, 20 and 22, respectively (Schemes 3 and 4). In the presence of base bis-hydrazonoyl chlorides 1 and 2 convert into bis-nitrilimines 18 or 21, respectively. This undergoes cycloadditions with dipolarophiles such as dimethyl acetylenedicarboxylate 19 to give pyrazoles. The isolated final products 20 and 22 gave satisfactory elemental analyses and spectroscopic data (IR, NMR, and MS) consistent with their assigned structures. The IR spectra of the products 20 and 22 showed no NH absorption band.
Previously, the synthesis of arylhydrazonates by reaction of phenols with hydrazonoyl halides was reported. 15 Treatment of bis-hydrazonoyl dichlorides 1 and 2 with 4-bromophenol 23 in NaOMe at room temperature gave the final products 24 and 25, respectively (Scheme 5). 13 C NMR spectra for 25 could not be recorded owing to the poor solubility of the products in the available NMR solvents.
Reaction of bis-hydrazones 27a-c with two equivalent amounts of ferric chloride in ethanol for 30 min gave crystalline products 29a-c. The compounds 29a-c were elucidated by elemental analyses and spectral data. Elemental analyses and mass spectra revealed that the isolated products had four hydrogens fewer than the respective bis-hydrazones 27a-c. 16 The 1 H NMR spectra showed the absence of both methine (-N=CH-) and hydrazone (-NHN=C) protons. Formation of the final products 29a-c was suggested to proceed by oxidative cyclizations via the formation of the respective bis-nitrilimine 28, which underwent in situ 1,5-electrocyclization to give 29a-c as depicted in Scheme 6.
300 MHz Varian Gemini spectrometer. The IR spectra were measured on Fourier Transform and Pye Unicam Infrared spectrophotometers using potassium bromide wafers. Mass spectra were recorded on a GCMS-QP 1000 EX spectrometer at an ionizing potential of 70 eV. Elemental microanalyses were carried out at the Microanalytical Laboratory of Cairo University, Giza, Egypt. The identification of compounds from different experiments was secured by mixed mp and superimposable IR spectra.
General procedure for the synthesis of 8-17
A mixture of the appropriate bis-hydrazonoyl chlorides 1 or 2 (5 mmol), the appropriate thiosemicarbazone derivatives 3-7 (10 mmol), and triethylamine (1 g, 1.5 mL, 10 mmol) in dioxane (20 mL) was heated under reflux for 3 h and then left to cool. The solid precipitated was collected, washed with water, dried, and finally crystallized from DMF/MeOH to give the final products 8-17. 
5,5 ′ -(4,4 ′ -Diphenylsulphone-4,4 ′ -diyl)-bis-((2-(p-methylbenzylidenehydrazino)-4-methyl-5-azo-1,3-thiazole) (8a)

5,5 ′ -((Sulfonylbis(4,1-phenylene))bis(diazene-2,1-diyl))bis(4-methyl-2-(2-(1-(thiophen-2-yl) ethylidene)hydrazinyl)thiazole) (12)
5,5 ′ -(Phenyl-1,3-diyl)-bis-((2-(benzylidenehydrazino)-4-methyl-5-azo-1,3-thiazole) (13b)
General procedure for the synthesis of 20 and 22
A mixture of bis-hydrazoyl halides 1 or 2 (5 mmol) and dimethyl acetylenedicarboxylate 19 (1.42 mL, 10 mmol) in dioxane (20 mL) and triethylamine (1 g, 1.5 mL, 10 mmol) was boiled under reflux for 4 h. The reaction mixture was then poured into ice-cold hydrochloric acid with stirring. The solid that precipitated was collected. The resulting solid, which formed after cooling, was collected and crystallized from DMF/EtOH to give 20 and 22 elucidated by elemental spectral analyses. 
Conclusion
In summary, thiazoles derivatives were prepared from thiosemicarbazone with α -halocarbonyl hydrazonoyl. The synthesis of pyrazoles was achieved by reaction of dimethyl acetylenedicarboxylate with bis-hydrazonoyl chlorides. Thiohydrazonates 24 and 25 were also prepared via reaction of 4-bromophenol with bis-hydrazonoyl chlorides. In addition, bis-triazolothiadiazoles were synthesized via oxidative cyclization of bis-hydrazones.
